INTRODUCTION
it is more sensitive than other micronutrients. In fact, it is the most labile vitamin (including fat 1 soluble and water soluble vitamins) especially at higher moisture content and temperature (Labuza, 2 1984) . Therefore, it can be assumed that if AA retention is reportedly high, other micronutrients 3 will have similar or higher retention rates after processing and storage. The degradation rate of AA 4 depends on several factors, such as: temperature, light, oxygen, pH, water activity, metal catalysts 5 (especially copper and iron) and enzymes (Özkan et al., 2004) . For quality assurance and bioactive 6 compounds retention, several parameters should be controlled during the manufacturing and 7 storage of RTE vegetable-containing foods. Degradation kinetics of AA dependent on temperature 8 and storage time have been extensively studied in a wide range of fruits and vegetables (Cruz et al., 9 2008 , Uddin et al., 2002 , Polydera et al., 2003 , Zheng and Lu, 2011 , Özkan et al., 2004 . The effect of 10 storage time on the AA content in sweet pepper (Capsicum annuum L.) has been evaluated under 11 different conditions (Barbagallo et al., 2012 , Tonelli et al., 1981 , and AA degradation kinetics for 12 this product were focused only on the dehydration process with no storage involved (Rufián-13 Henares et al., 2013) . To date, the complete picture on the minimization of losses of AA in chilled 14 stored meals coupled with a detailed kinetic study that would provide a better understanding of the 15 underlying mechanisms has not been yet performed. 16 Starch availability is affected by several factors, although primarily by the composition of the food 17 matrix; kinetics of starch digestion are influenced by the presence of proteins, lipids (and lipid 18 profile), dietary fiber, antinutrients, enzyme inhibitors and several interactions that could occur 19 amongst them. Food processing, storage time and temperature play a role in how these 20 interactions occur, modifying enzymatic rates, starch physical forms, protein networks formation 21 and starch-lipid complexation (Marze, 2013 , Wursch, 1989 , Björck et al., 1994 . The glycemic 22 response can be measured by the Glycemic Index (GI), defined as the postpandrial blood glucose 23 response after a test meal compared with equi-carbohydrate portion of reference food (generally 1 glucose or white bread) (Jenkins et al., 1981) . Several authors have observed a good correlation 2 between the in vivo and in vitro determinations, being the latter much less costly and time 3 consuming (Singh et al., 2010) . In vitro determination of GI have been thoroughly studied in several 4 single foods (flour, potatoes, pasta, bread, etc) (Bustos et al., 2011 , Zhou et al., 2013 , Nayak et al., 5 2014 , Goñi et al., 1997 however only a few studies have been performed with more complex foods 6 and/or during storage (Sayago-Ayerdi et al., 2005 , Tovar et al., 2003 , Rosin et al., 2002 . Recent 7 studies have associated the consumption of low GI foods with weight loss, improvement of the 8 blood lipid profile and prevention of metabolic diseases (Rizkalla, 2014 , Thomas et al., 2007 . The 9 utility of GI in relation with health prevention and management is discussed in the highest level 10 amongst experts. They acknowledge the importance of GI as a valid and reproducible method for 11 classifying carbohydrate rich foods with regards to postpandrial glycemia in health, and they 12 affirmed that diets low in GI were relevant to the prevention and management of diabetes, 13 coronary heart disease and probably obesity (Augustin et al., 2015) . Given the high prevalence of all 14 these diseases and the high consumption of RTE foods, more studies and scientific evidence should 15 be provided about GI in this type of meals. 16 In this study, the aim was to investigate the effect of processing, storage time and temperature in a 17 range of nutritional properties of a RTE food product which is both complex and widely consumed. 18 The nutritional composition (including fatty acid profile and dietary fiber), the ascorbic acid 19 content, and the predicted GI were evaluated with regards to their behavior during cold and abuse 20 temperature storage in an attempt to build a better picture of the nutritive status of such complex 21 foods in domestic or industrial storage conditions.
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MATERIALS AND METHODS
1
Materials and reagents 2
Ingredients for the preparation of the ready-to-eat (RTE) pasta salads included: wheat pasta (fusilli), 3 RTE chicken breast, grated mozzarella, gouda cheese, red bell pepper, extra virgin olive oil, salt, 4 lemon, and black pepper. They were all purchased from a local wholesaler. HPLC grade 5 orthophosphoric acid, chloroform, metaphosporic acid (MPA), ethylenediaminetetraacetate 6 disodium salt (EDTA), ACS grade ascorbic acid (AA) (>99% pure), sodium phosphate buffer (PBS), 7 3,5-dinitrosalicylic acid, hydrochloric acid (HCl), and sodium hydroxide (NaOH) were purchased 8 from Sigma Aldrich (Seelze, Germany). AA extraction buffer was 5% MPA and 1 mM EDTA in mili Q 9 water. The following enzymes were also purchased from the same company: Amyloglucosidase 10 from Aspergillus niger ≥ 300 U/ml, pepsine from porcine gastric mucosa ≥250 U/mg and α-amylase 11 from porcine pancreas Type IV-B ≥ 10 U/mg.
13
Design and preparation of ready to eat pasta salads 14 Two different formulations of the RTE salads were prepared with the only difference being the 15 treatment of the red bell pepper: cooked (C) or uncooked (UC). The formulation is shown in Table 1   16 and is based on a commercial recipe already in the market. The preparation of the ingredients and 17 the salads were as follow: fusilli (pasta) was cooked following the instructions recommended by the 18 producer; red bell pepper was cut into small pieces and then either washed under running water 19 for 10 min (uncooked) or cooked in boiling water for 3 min and cooled in ice cold water for 5 min 20 (cooked); lemon juice was prepared the same day with fresh lemons; gouda cheese was grated with 21 a kitchen grinder; RTE meat and mozzarella cheese were used directly from the package. For each 22 batch, all the ingredients were mixed separately and then the exact weight (Table 1 ) was added to 23 the cooked and cooled pasta in the following order: bell pepper, chicken, Gouda cheese, mozzarella 1 cheese, lemon juice, pepper, salt and olive oil. The salads were carefully mixed before packaging. 2 The salads were portioned in pouches (200.0 g each, 6 pouches per batch) and were packed under 3 modified atmosphere packaging (MAP) with a gas mixture of 60 % N2 and 40 % CO2. Gas 4 composition was checked with a headspace gas analyzer (Gaspace advance GS3/P, Systech 5 Instruments, IL, USA). The salads were stored at 4 ⁰C and 12 ⁰C for 12 days, and their nutritional 6 content was assessed right after preparation (day 0), and the ascorbic acid content and in vitro 7 digestion of starch was performed also at day 4, 8 and 12 of the storage period. This length was 8 selected according to the shelf life of this specific RTE product as per manufacturer guideline. The 9 experiment was performed twice with three different batches of raw materials per type of salad. 10 Salads were homogenized before any determination and 5 g were taken for each analysis unless 11 stated otherwise. Esters (FAME) following a base-catalyzed transesterification methodology (Christie and Han, 2012) . 20 The FAMES were analyzed using gas chromatography-mass spectrometry (GC-MS) detection (GC-21 MS Agilent 7890A/5975C), resolved on a CP-Sil 88 column (100 m x 0.5 mm 0.2 µm) under the 22 following conditions: split injection; injection port temperature 250 C; helium flow 1 ml/min; initial 23 oven temperature 100 C for 0 min, then 4 C/min rise to 220 C for 5 min, then 4 C/min to 240 C for 8 min. Data were collected by using Agilent MSD Chemstation software (CA, USA). The relative peak 1 areas (analyte/total FAME area, %) were used for relative quantification of FAME. Fatty acids were 2 identified by comparison with a known standard FAME mixture (Supelco, lltech Associated, 3 Deerfield, IL, USA). Based on the FAME results, the atherogenic index (AI) and thrombogenic index 4 (TI) were computed according to Ulbricht and Southgate (1991) test was performed to assess differences in composition among the different type of RTE salads. 15 For the evaluation of the effect of storage and temperature a two-way ANOVA was performed. The 
RESULTS AND DISCUSSION
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Nutritional composition and fatty acid profile 23 The processing of red bell pepper was the only difference in the RTE salads formulation, and this 1 ingredient accounts for 15 % of the total ingredient composition (Table 1) . No significant 2 differences were found in the moisture, protein and dietary fiber of both type of salads, with values 3 around 65 g/100 g, 11 g/100 g and 1 g/100 g, respectively. However, the fat content of the UC 4 salads was significantly higher than of the C salads, 10.75±0.51 vs. 9.28±0.81 g/100 g. Based on the 5 formulation, around 30% of this fat comes from the cheeses, 10% from the meat and 60% from the 6 olive oil. This small difference in fat content could be attributed to the insufficient product 7 uniformity between different batches. The UC salads had higher energy content (193.28 kcal/100 g) 8 than the C salads (186.24 kcal/100 g). As expected, there was no statistical difference between fatty 9 acid composition of C and UC salads; the mean of both salads was used instead. Two thirds of the 10 fatty acid composition in both type of salads (C and UC) were monounsaturated fatty acids (MUFA), 11 where oleic acid (C18:1 n9) was the main one ( Mbachu, 1987, Howard and Hernandez-Brenes, 1998) . 21 There is a significant difference (p<0.05) between the AA content in the salad with cooked bell 22 pepper (7.05±0.41 g/100 g) and the one with uncooked bell pepper (12.56±1.52 g/100 g). It is 23 evident that processing of the red bell pepper had a substantial impact in the final AA concentration of the salad, resulting in 43% decrease of total AA content. According to the initial 1 formulation and the AA content of the red bell pepper after processing, the vegetable accounts for 2 81-103% of the AA total content in the salad, confirming what the nutritional databases had already 3 shown. The UC salads could theoretically be labeled as a source of Vitamin C as they contain more 4 than 15% of the nutritional reference value (NRV) for this compound (NRV=80 mg vit C/100g).
6
Effect of storage and temperature on the ascorbic acid content. Degradation kinetics. AA 7 retention yields were calculated for the RTE pasta salads stored at 4 ⁰C and 12 ⁰C under MAP 8 conditions. The effect of temperature during storage in the AA retention was evaluated by means 9 of a two-way ANOVA for each type of salad. Storage time had significant effect in the AA retention 10 of the salads (Table 3) . Except for the salads stored under MAP at 4⁰C, a decrease in the AA content 11 during storage was observed in the RTE pasta salads. Temperature effect was significant for both 12 types of salads (C and UC); the higher the temperature, the lower the AA retention (Table 3 ). An 13 increase in the storage temperature was found to decrease the AA retention in different fruits and 14 vegetables, with acidic fruits being the most stable against temperature changes (Lee and Kader,
. 16 From the experimental data of AA retention as function of storage temperature and time, we 17 estimated a model in order to explain the substantial loss in the nutritional quality of the RTE pasta 18 salads previously observed. C salads stored at 4⁰C did not show AA degradation and were removed 19 from the analysis. Table 4 shows the rate constants (k) and the coefficient of determination (R 2 ) for 20 both types of salads at each studied temperature (4⁰C and 12⁰C). For C salads, the zero reaction 21 modeling fitted better than the first order according to the coefficient of determination and the 22 plot trend. However, for the UC salads, the first order reaction model provided the best fit for AA 23 retention during storage time. The coefficients of determination were higher for the C salads 1 compared with the UC salads. The rate constants indicated that the AA was more stable in the 2 salads with uncooked bell pepper than in the salads where the pepper had been boiled, in 3 accordance with the results so far. Zero order reactions were also found for AA degradation kinetics 4 in various fruit juices stored at 20 ⁰C, 30 ⁰C and 40 ⁰C during 12 days (Özkan et al., 2004) . In zero-5 order reactions the rate appears to be independent of the concentration due to the large excess of 6 reactant during the observation period (Van Boekel, 2008) . However, the first order kinetic best 7 explains the AA degradation at different temperature ranges and/or during longer storage periods 8 as seen in fruit juices and dried guava cases (Uddin et al., 2002 , Polydera et al., 2003 , Zheng and Lu, 9 2011 . Differences in the type of kinetic can be addressed to the food matrix, the storage time and 10 the range of temperatures studied.
11
According to Table 4 , the AA retention during storage was temperature dependent for the UC 12 salads. The Arrhenius equation below can be used to assess this temperature dependence:
where k is the reaction rate, A is the pre-exponential factor, is the activation energy (kJ mol -1 ) , R 15 is the universal gas constant (8.314 kJ mol -1 K -1 ) and T the absolute temperature (K Total starch values for both types of salads were lower than those for the reference samples, white 3 bread and the cooked pasta alone ( Table 6 ). The changes in the processing of the red bell pepper 4 did not significantly alter the total starch content of the salads. In the literature there is no total (Sayago-Ayerdi et al., 2005 , Rosin et al., 2002 , Mishra et al., 2008 . 2 Hydrolysis Index (HI) experimental values for white bread, cooked pasta and both type of salads 3 right after preparation were adjusted and the parameters of the first order reaction were 4 calculated ( Table 6 ). The hydrolysis at 90 min is important because at this time the curves change 5 and tend more slowly to a maximal plateau level. Experimental percentages of starch hydrolysis at 6 this point are very similar to the ones obtained from the first order kinetic equation (Table 6 ), and 7 the coefficient of determination is high (R 2 >0.98), both indicative of a very good fit. The reference 8 food (white bread), showed a starch hydrolysis percentage of ~65% between the values observed 9 by other authors (50-78%) (Goñi et al., 1997 , Rodríguez De Marco et al., 2014 , Rosin et al., 2002 . 10 Both types of salads and the pasta alone presented lower percentage of hydrolysis when compared 11 with the white bread reference, meaning that the starch digestion was slower for these samples. 12 Regarding the two type of salads, we found a higher starch digestion percentage at 90 min in the 13 salad with uncooked red bell pepper, even higher than the cooked pasta alone. The addition of were similar for both types and only the total fat content was significantly higher in the UC salads. It 20 has been reported that an increase in the starch digestion is expected with lower lipid content after 21 cooking and cooling down (Tufvesson et al., 2001 , Eerlingen et al., 1994 . Although not analyzed 22 directly, the high content of reducing agents (such as vitamin C) in the fresh bell peppers may 23 facilitate the access to the starch granule by preventing the formation of enzyme complexes (Choi   24  et al., 2008) . In general, the food matrix complexity and the interaction among the components 1 after homogenization will most probably modify the integrity of the starch-protein network, known 2 to control the starch digestibility (Rodríguez De Marco et al., 2014 , Marze, 2013 . 3 The effect of storage time and temperature in the hydrolysis was different depending on the type 4 of salad (Fig 1) . In the C salads, day 0 exerts the lowest starch hydrolysis curve while in the UC 5 salads the lowest was the curve of the last day of storage. The temperature did not influence the 6 digestion of the C salads (very similar curves can be observed). In the UC salads, however, the 7 starch hydrolysis curves were significantly higher at 4 °C than at 12 °C. This means that the storage 8 at abuse temperature negatively impacted the digestion rate in the UC salad. These differences are 9 hardly explainable by the structural state of the starch, nor by the macronutrient composition of 10 the salads. The complexity of the food matrix and the differences during cold storage, point to a 11 more complex interaction among micronutrients and starch structural changes (Rosin et al., 2002 , 12 Mishra et al., 2008 . In two typical Mexican foods, tacos and tortillas with beans, the HI was found 13 to decrease with storage time, due to the increase of resistant starch and certain molecular 14 associations in the food matrix (Tovar et al., 2003 , Sayago-Ayerdi et al., 2005 . 15 pGI was calculated for both types of salads every four days of storage at two different 16 temperatures: 4 °C and 12 °C (Table 7) . pGI in C salads followed a similar trend at both storage 17 temperatures; it increased after 4 days of storage and decrease at the end of the storage time. 18 However, pGI values for UC salads followed a different pattern during storage. They remained 19 stable for 4 or 8 days (at 12 °C and 4 °C, respectively) and then dropped at day 12. Foods are 20 classified as low, medium or high glycemic using the following GI ranges (based on the glucose 21 reference): low ≤ 55; medium = 56-69; and high ≥ 70 (Brand-Miller and Foster-Powell, 1999) . The
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RTE pasta salads are considered high GI for most of the storage period, and only the UC salads can 23 be rated as medium GI at the end of storage. This is an important fact to consider regarding the 1 nutritional properties of this RTE foods that can have a glucose response even higher than the 2 starchy ingredient by itself. These findings must be interpreted with caution, however, since the 3 digestion procedure was performed in vitro and it is unclear if same effects will be observed in vivo.
4
A high and positive correlation was found between the HI and the RDS (r=0.841) and between pGI 5 and RDS (r=0.902) for all the samples evaluated. Therefore, the RDS content can be a shorter 49, [192] [193] [194] [195] [196] . 
